Abstract
Introduction
Autism is a neurodevelopmental disorder that primarily affects social interaction and communication 1 . The 'developmental disconnection model' links the symptoms of autism spectrum disorder (ASD) to weak functional connectivity in the brain 2 
.
Neuroimaging suggests that, for example, deficient self-reflective thought processes (e.g. Theory of Mind (ToM)) are directly linked to brain abnormalities. A growing literature has also identified memory impairment in autism, with several studies suggesting that the memory profile observed in ASD is linked to abnormalities of the hippocampal formation and other neural regions including the amygdala and the frontal cortex, areas thought to be responsible for strategic regulation of memory. 3, 4 Relative to other areas of cognition, studies examining how people with ASD retrieve information from memory are still in their infancy (for a review, see 5 
).
Research has shown that people with ASD (including mostly highfunctioning autism or Asperger syndrome) present with an impairment in the capacity to learn new information (e.g. new word pair associations 6 ). Source memory (the ability to retrieve contextual information about the circumstances of acquiring new information) is also less efficient in ASD ( [7] [8] [9] [10] ; but see 11 ). Furthermore, several studies have now demonstrated that the quality of autobiographical memories (memories for personal information and events from one's own life) retrieved by people with ASD is poorer in comparison to controls. the proficient regulation of memory processes is necessary to maintain adequate memory performance. As a result, the investigation of metamemory in children has been motivated by the assumption that the development of appropriate metamemory skills leads to higher academic performance 16 . Despite its educational implications, metamemory remains underexplored in ASD. The novelty of this review is to present a summary of the first studies exploring metamemory processes in ASD. The goal of this research is to investigate whether a metamemory deficit might contribute to the memory deficit in ASD. If people with ASD cannot monitor and control their cognitive system there will be consequences for their memory function.
Metamemory monitoring in ASD
Measures of monitoring vary according to the type of memory task (learning new information or retrieving general knowledge) and according to when the judgements are made (at the learning phase, the retrieval phase or even after the retrieval phase) (see Figure 1) .
The very first studies in ASD tended to use Judgements-ofConfidence (JOCs), which consist of asking participants to estimate the correctness of their answer after they have produced it 17 . The literature using this paradigm in children with ASD has produced equivocal results. For example, Wilkinson et al. 18 investigated JOC accuracy in children with ASD using a face recognition taskan area impaired in autism 19, 20 . After studying 24 face photographs, participants carried out a recognition test in which they were presented with 48 photographs and had to detect the faces presented earlier amongst an equal set of foils. Children gave JOCs by reporting whether they were 'certain', 'somewhat certain' or 'guessing' after having given their answers. Memory performance did not vary with the levels of certainty in the ASD group; children with autism could not discriminate between correct and incorrect responses in their confidence. However, Wojcik et al. 21 showed that children and adolescents with ASD gave JOCs which were as accurate as controls when they were asked to estimate their accuracy in recalling school-like instructions (e.g.
Pick up the red ruler and put it in the yellow box, then touch the blue pencil).
Thus, studies exploring accuracy of JOCs revealed contradictory findings.
To explore monitoring operations linked to the retrieval of information, Wojcik et al. 22 used the Feelingof-knowing (FOK) paradigm. FOKs are predictions about likelihood of future recognition of items, which are presently non-recalled 15 and can be assessed for both semantic (memory for facts) and episodic memory (memory for recent events). Participants predict the likelihood that they will identify the correct information when presented amongst some choices. The focus is on whether or not the judgements distinguish between what is and what is not remembered or known.
In healthy populations, even very young children have accurate FOKs (4-5 years
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). Wojcik, et al. 22 ran two parallel experiments on episodic and semantic FOK. In the episodic task, participants were presented with 20 cue-target pairs (e.g. forest-CAPITAL) and when presented with the cue they were asked to recall the corresponding item. When participants could not recall the corresponding item, they were asked to make a FOK prediction by saying whether or not they would be able to recognise the item amongst other words. To explore semantic FOK, children had to verbally define words from the Peabody Picture Vocabulary Test
24
. On words they could not define, they had to make FOK judgements.
As previously found in the literature, our results confirmed that typical children were able to predict their memory performance by making accurate FOK judgements 23, 25 . However, our results showed that children with ASD were inaccurate at predicting their performance using the FOK paradigm-but only on the episodic task. Children with ASD thus do not appear to suffer from a generalised metamemory deficit when asked to predict their future performance at retrieval. In fact, the deficit observed seems to strongly depend on the material presented (new information to learn versus general knowledge information already known).
In a more recent study, Wojcik et al. 26 explored metamemory during encoding using Judgementsof-Learning (JOLs). In a typical JOL procedure, participants are presented with word pairs (a cue word and a target word) and asked to make a prediction of the likelihood that they will recall the target word when presented with the cue word. These judgements can be made either immediately after the presentation of each item (immediate JOLs) or after a delay (delayed JOLs). Both healthy children 27, 28 and adults 29 show an advantage of delayed over immediate JOLs (the delayed JOL effect). According to Nelson and Dunlosky
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, this effect occurs because the delayed JOL is based on information from long-term memory (LTM), which in fact resembles the information retrieved from LTM when searching for the target word. Immediate JOLs, on the other hand, are more likely to be based on information issued from short-term memory which has a limited validity in predicting future recall from LTM. The delayed JOL effect demonstrates, therefore, that JOLs are affected by the type of information retrieved from memory at the time of judgement.
Wojcik et al. 26 presented children with ASD with 24 word pairs (e.g. dog-CAR) and asked for children's immediate JOLs. In a separate task, a further 24 pairs were used for a delayed JOLs task. For the immediate JOL, after studying each pair they were re-presented with the cue word and asked to make a JOL by predicting whether in about five minutes they would be able to recall the target word when shown the cue word. In the delayed condition, JOLs were made after the study of all items. The results showed for the first time in the literature that children with ASD could accurately predict their later recall and also that like typically developing children they could switch to more appropriate mnemonic cues resulting in a delayed JOL effect. In summary, the experimental studies in autism have used paradigms where participants are asked to either predict their future memory performance during encoding at retrieval or after retrieval (see Table 1 ). The studies mainly revealed that children with ASD can correctly estimate their memory function; monitoring was, for the most part, intact.
Metamemory control in ASD
Metamemory control refers to the ability to regulate memory strategy. In autism, there are impairments in strategic learning [31] [32] [33] . For example, many studies indicate that people with ASD do not spontaneously use the characteristics of the material to support their encoding of the stimuli presented [34] [35] [36] . Metamemory control is often measured by whether people allocate appropriate or sufficient time to the processing of to-be-learned materials.
According to the metamemory framework (see Figure 1) , strategic deficits, including the ones observed in ASD, could be the consequence of a breakdown of the monitoring-control relationship. Through effective monitoring, learners control their cognitive resources to achieve an optimum level of performance; even first graders use JOLs to regulate study time and that more study time is attributed to items previously given lower JOLs so perceived as less well learned 37 . Perhaps, even though monitoring is intact in ASD, there is nonetheless a failure to regulate memory properly.
In the above JOL article, Wojcik et al. (in press) also assessed whether or not children with ASD could use their metacognitive judgements to regulate their strategy and, in particular, their study time. Children had to study 15 difficult (abstract: dream-FLUENCY) and 15 easy (concrete: house-FLOWER) word pairs and predict their future recall of the second item of the pair giving a JOL. Then all participants were presented with the same word pairs again to study and were given the opportunity to spend as long as they wanted studying the items. The findings clearly showed that JOLs given by adolescents with ASD varied according to word difficulty, with higher JOLs given to easier words (see Figure 2) . Furthermore, the results showed that adolescents with ASD not only allocated the same amount of study time as controls but also that study time allocation was related to their JOLs (more time given to study items that were given lower JOLs).
In summary, these findings suggest that children with ASD can regulate their memory strategies (at least study time) according to their estimation of memory performance, suggesting that children with ASD can regulate their learning. It may be the case that children with ASD have difficulties initiating memory strategies 32, 33 in general, but that asking them to estimate their memory performance (JOL) helps with the initiation of the correct memory strategy (as we found with study time in our experiment).
Discussion
The authors have referenced some of their own studies in this review. These referenced studies have been showing that both typically developed children and children with ASD spend more time studying difficult than easy words. conducted in accordance with the Declaration of Helsinki (1964) and the protocols of these studies have been approved by the relevant ethics committees related to the institution in which they were performed. All human subjects, in these referenced studies, gave informed consent to participate in these studies. This review summarises recent studies exploring an important question: whether or not children and adolescents with ASD are aware of their memory functioning. The conclusion is a rather positive one, as most of the studies suggest that in fact people with high-functioning autism or Asperger syndrome can not only estimate accurately their memory performance but these judgements are also related to the appropriate allocation of study time. Furthermore, children with ASD appear to have knowledge of their memory functioning; they can predict the impact of several different factors on their performance such as task difficulty 38 . This is a critical finding in terms of education, especially as metacognition is known to have an impact on academic achievement 16, 39 . These findings seem surprising in regards to the cognitive and behavioural deficits often observed in autism. Many studies have demonstrated that people with autism show impaired social cognition and have difficulties with tasks assessing ToM
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. ToM research assesses children's understanding of others' mental states, of their own mental states and the ability to self-reflect. In many regards, metamemory and ToM appear to share a common theme or a common process. Lock and Schneider 41 indeed showed that ToM predicted later metamemory performance in typically developing children, thus suggesting a clear link between these concepts. In the same vein, Williams 42 argued that people with autism find it difficult to think about their own mind. One would thus predict that metamemory should be impaired in children showing ToM difficulties and thus in children with autism. In other words, the frequently observed impaired acquisition of concepts of self and other in autism 43, 44 could be related to a deficit in reflection, leading to impaired metamemory.
Here we would like to offer an alternative explanation to support what seems to be dissociation between preserved metamemory and impaired ToM in ASD. That is, metamemory as assessed by the studies presented above does not require self-related processes in the same way as ToM tasks do. Predicting future memory performance on word pairs such as DOG-CAR probably involves less selfreflective processes than having to put oneself in someone else's shoes to predict their behaviour.
On the other hand, where metamemory deficits have been found (episodic FOK
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; JOC 18 ) we propose a memory-based explanation. Recent theories suggest that our ability to predict or estimate our memory performance, in fact, relies on the quality of our memory processes [45] [46] [47] . If these memory processes are deficient, people will not be able to predict their memory performance. Another way to explain this might be the fact that different metacognitive judgements are based on different types of information in consciousness 48 . Any metamemory difficulties in autism would thus depend not only on the type of memory task, but also on the type of judgement made. We would like to suggest that people with ASD can accurately estimate their memory performance using objective and perceptual information/cues but that they might fail to monitor their memory system when it requires more subjectivity, i.e. is related to the self and perspective taking (e.g. the self in the past and the self in the future). Empirical work examining this idea is a priority.
Conclusion
To conclude, this critical review shows that, overall, children and adolescents with ASD have a relatively efficient metacognitive system and can estimate their memory performance and regulate their memory strategies adequately. Knowing that at least some metacognitive competences are preserved in this population could potentially guide educators in choosing the most appropriate teaching methods. Future research should explore whether individual with ASD are also aware or their competences in other domains and in particular, the social domain.
